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Abstract
A well preserved Middle Ordovician shelly fauna, represented by twelve species of lingulate brachiopods
and one trilobite genus, was recovered from an allochthonous limestone lens exposed in Thompson
Creek, northwest of Nelson, on the South Island of New Zealand. The stratigraphic setting is unclear as
the limestone is situated in the Takaka Terrane adjacent to the Anatoki Fault, separating this terrane from
the Buller Terrane. The original depositional environment of the limestone is interpreted as relatively deep
water (outer shelf to upper slope). Lingulate brachiopods described include the new species
Hyperobolus? thompsonensis sp. nov., Cyrtonotreta robusta sp. nov., Scaphelasma paturauensis sp. nov.,
Torynelasma takakaea sp. nov. and Nushbiella neozealandica sp. nov., together with representatives of
Spinilingula, Schizotreta, Trematis, Cyrtonotreta, Physotreta? and Lurgiticoma? that remain in open
nomenclature. Several additional acrotretoids and linguloids that cannot presently be confidently
attributed to known genera are also documented. Undiferina nevadensis, previously described from
Nevada and west Kazakhstan, is represented in the Thompson Creek fauna by the best preserved material
of this genus yet known, revealing additional information about its morphology and life habit. The
brachiopod fauna, the first of Middle Ordovician age to be described from New Zealand, shows strong
affinities to Middle Ordovician faunas from Kazakhstan, Nevada, and to a slightly younger assemblage
from the Pratt Ferry Formation of Alabama. The trilobite documented from Thompson Creek is tentatively
assigned to Gogoella, a genus previously described from Western Australia and Argentina. Associated
conodonts including Histiodella kristinae, Paroistodus horridus and Periodon macrodentatus indicate a
mid-Darriwilian (late Da2 to early Da3) age for the limestone.
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MIDDLE ORDOVICIAN fossils (conodonts)
were first reported from northwest Nelson, at
the top of New Zealand’s South Island (Fig. 1)
more than four decades ago (Wright 1968), but
palaeontological knowledge of this area has
remained limited by problems of inaccessibility
due to the rugged topography. Cambrian and
Ordovician rocks of this region, known as the
Takaka Terrane, consist largely of carbonate
horizons and isolated blocks. The Summit

Limestone at Mount Patriarch yielded conodonts
of Early Ordovician (Tremadocian) age, described
by Cooper & Druce (1975). The underlying
Patriarch Formation contains a latest Cambrian
to earliest Ordovician conodont fauna associated
with trilobites (Wright et al. 1994). Conodonts of
latest Darriwilian to earliest Gisbornian (basal
Sandbian) age were recorded by Simes (1980)
from the lower part of the Arthur Marble at
Mount Owen. In the adjacent Buller Terrane,
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Fig. 1. Locality map of the study area in Northwest Nelson, South Island, New Zealand, showing terrane
boundaries and localities mentioned in text.

deeper water siltstones have yielded the trinucleid
trilobite Incaia from strata of Gisbornian (early
Late Ordovician) age (Hughes & Wright 1970),
and an extensive graptolite sequence at Aorangi
Mine, described by Cooper (1979), that spans the
Lancefieldian (mid-Tremadocian) to Gisbornian
interval. Our contribution markedly increases the
knowledge of this meagre fauna by describing the
first Middle Ordovician brachiopods recorded from
New Zealand together with a biogeographically
significant trilobite genus, from the Takaka
Terrane at Thompson Creek. These are associated
with diverse conodonts of mid-Darriwilian age
(Zhen et al. 2009).
REGIONAL GEOLOGICAL SETTING
The fossils described here are from a small
limestone lens, approximately 25 m thick, that

outcrops in the true left branch of Thompson
Creek, 150 m upstream from its junction with the
true right branch, and 1.5 km upstream from the
confluence with Paturau River, at Grid reference
M25/676582 (Fig.1). The lens was found by D.G.
Bishop (Bishop 1965) who noted ‘comminuted
shell fragments’, and who later mapped it as
?Arthur Marble (Bishop 1971). The presence
of Middle Ordovician conodonts in the lens
was reported by Wright (1968) who suggested
a Llanvirnian age on the basis of a limited and
undescribed fauna.
Stratigraphic contacts are not exposed. The
lens lies along the north-south trending Anatoki
Fault, the major fault separating the Buller
Terrane from the Takaka Terrane. To the west,
dark shale, quartz sandstone and green laminated
siltstone with graptolites of late Darriwilian
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and Gisbornian age (Cooper 1979), mapped as
Douglas Formation (Golden Bay Group, Buller
Terrane) by Rattenbury et al. (1998), outcrop in
Paturau River and Thompson Creek. To the east
lies siliceous and volcanogenic green sandstone
mapped by Bishop (1971) and Rattenbury et al.
(1998) as Anatoki Formation (Mount Patriarch
Group, Takaka Terrane), of late Cambrian age.
From its age and lithology, the limestone is
interpreted as equivalent to the Summit Limestone
of Rattenbury et al. (1998), part of the Takaka
Terrane succession.
To the south, in the Cobb Valley and Mount
Patriarch areas, the Summit Limestone contains
conodonts which indicate an age range of latest
Cambrian to Middle Ordovician (Darriwilian)
(Cooper & Bradshaw 1986; Cooper 1989). The
Thompson Creek lens therefore represents just the
uppermost beds of the Summit Limestone. Latest
Darriwilian conodonts in the uppermost beds of
the Arthur Marble, the stratigraphic equivalent of
Summit Limestone in the Eastern Sedimentary
Belt, have been described by Simes (1980). This
fauna includes Pygodus anserinus, a distinctive
index zonal species ranging across the Middle/
Late Ordovician boundary.
AGE OF CONODONT FAUNA
Twenty-four conodont species occur in the
fauna from Thompson Creek (Zhen et al. 2009).
Age-diagnostic species include Histiodella
kristinae, Baltoniodus cf. medius, Paroistodus
originalis, P. horridus, Periodon macrodentatus,
Protopanderodus cf. varicostatus, Costiconus
ethingtoni and Venoistodus balticus. This
conodont fauna indicates a middle Darriwilian
(late Da2 to early Da3) age, comparable with
contemporaneous faunas from allochthonous
limestones within the Oakdale and Weemalla
formations of central New South Wales (Zhen &
Percival 2004a, b).

with lingulate brachiopods from the slightly
younger (late Darriwilian to earliest Sandbian,
Pygodus anserinus Conodont Zone) Pratt Ferry
Formation of Alabama, and with earlier Middle
Ordovician brachiopods of Meiklejohn Peak and
its vicinity in Nevada. Both these areas were on
the periphery of Laurentia, and consequently were
sites of deeper water deposition than prevailed in
the epicontinental seas characteristic of much of
that continent. A deeper water (outer shelf to upper
slope) setting is also interpreted for the Thompson
Creek fauna, based on the associated conodonts
(Zhen et al. 2009). Biogeographic information
from the trilobites found at Thompson Creek is
limited to the occurrence of a form tentatively
assigned to Gogoella, which has been described
from Western Australia and Argentina.
SYSTEMATIC PALAEONTOLOGY
In the following section, the brachiopods
were described by I.G. Percival (who is solely
responsible for the new species established
herein) and the trilobite by A.J. Wright. Figured
specimens bearing the prefix AR (trilobites)
and BR (brachiopods) are deposited in the New
Zealand Institute of Geological and Nuclear
Sciences, Lower Hutt. Sample localities are
shown in Figure 1. For brevity, authorship of
taxonomic hierarchy above genus level is not
cited in the references; such sources are given by
Williams et al. (2000).
Phylum BRACHIOPODA Duméril, 1806
Subphylum LINGULIFORMEA Williams,
Carlson, Brunton, Holmer & Popov 1996
Class LINGULATA Goryanskiy & Popov, 1985
Order LINGULIDA Waagen, 1885
Superfamily LINGULOIDEA Menke, 1828
Family OBOLIDAE King, 1846
Subfamily OBOLINAE King, 1846
Spinilingula Cooper, 1956

BIOGEOGRAPHIC AFFINITIES OF
BRACHIOPODS AND TRILOBITES
Although all new species of brachiopods identified
in this study are endemic to the Thompson Creek
fauna, at generic level the lingulates show
unambiguous biogeographic relationships to
contemporaneous (mid-Darriwilian) faunas
from Kazakhstan terranes, with all but one
genus identified in the New Zealand collection
common to both regions (especially west and
south Kazakhstan) at this time. One genus,
Lurgiticoma, previously thought to be restricted
to west Kazakhstan, has been tentatively identified
as present at Thompson Creek, but examples of
the corresponding dorsal valve are needed to
confirm this. There are also significant affinities

Type species. Spinilingula intralamellata Cooper,
1956
Spinilingula sp. cf. S. intralamellata Cooper,
1956 (Fig. 2A-D)
Material. Only fragmentary material is known
(BR 2733–2736).
Description. Shell fragments characterised by a
distinctive external ornament of well developed
oblique or radially directed flattened ridges
overlying widely spaced concentric growth
lamellae. The ridges are slightly arcuate rather
than straight, and intersect medially to produce
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an inverted chevron pattern. They frequently
terminate in short irregular blunt spines. Internally
on one specimen (Fig. 2B), a slightly thickened
medial visceral area bears widely spaced large
pits, and is bisected longitudinally by a narrow
median groove. Peripheral regions of the valve
interior are covered in fine crowded pits. Much
of the available material is incomplete, and
lacks details of the posterior margins, which
would enable these fragments to be attributed
unequivocally to dorsal or ventral valves. One
juvenile specimen (BR 2736, not illustrated; 1.6
mm in width and 1.7 mm in length, though both
dimensions are incomplete) can be identified
with confidence as a dorsal valve, as it shows a
broad pseudointerarea barely elevated above the
valve floor, consisting of a shallow concave plate
flanked laterally by narrowly triangular propareas;
a very fine median ridge is just visible in the centre
of the valve.

series of divaricate terraces. Although somewhat
similar to the Thompson Creek specimens, the
ornament of S. radiolamellosa is dominated to a
far greater extent by radial elements, development
of the terminal spines is much subdued, and the
Swedish species (length of holotype 2.7 mm) is
quite diminutive, compared to the length of an
incomplete fragment from Thompson Creek (Fig.
2A, B: 3.8 mm) that implies a length more than 7
mm for the entire valve.
Superficially the Thompson Creek fragments
also resembles Josephobolus regificus Mergl,
1997 from the Early Ordovician Klabava
Formation of Bohemia, especially the exterior
figured by Mergl (1997: fig. 8F; 2002: pl. 8, fig.
10). However, this similarity may merely reflect
adaptation to a similar infaunal habitat involving
active burrowing, as proposed for Spinilingula
by Savazzi (1986).
Indeterminate obolin (Fig. 2E-I)

Remarks. The distinctive ornamentation, together
with the internal pitting, is most reminiscent of the
type species Spinilingula intralamellata Cooper,
1956 from the Pratt Ferry Formation of Alabama.
Segments of the radial elements are shorter, and
the terminal spines are more crowded on exteriors
of S. intralamellata, compared to S. bracteata
Krause & Rowell, 1975 which bears more widely
spaced needle-like radial elements and spines.
However, in the absence of more complete
specimens, assignment to S. intralamellata is
only tentative. There are also close similarities
between the Thompson Creek material and an
exterior figured by Popov (in Nazarov & Popov
1980, pl. 19, fig. 6) as Spinilingula bracteata. That
specimen, from the Middle Ordovician Karakan
Limestone of central Kazakhstan, appears not
to have as clearly defined and widely separated
radial spinose projections as displayed in the type
material of S. bracteata from Meiklejohn Peak,
Nevada. Another exterior fragment described as
Spinilingula cf. bracteata from the Uzunbulak
Formation (early Darriwilian) of south Kazakhstan
(Nikitina et al. 2006, fig. 14.9 & 14.12) is also quite
comparable with the specimens from Thompson
Creek. The ornament of the third known species
of Spinilingula, S. radiolamellosa Holmer, 1989
from the Darriwilian Furudal Limestone (and
adjacent formations) of Sweden, is described as a

Material. 5 valves, mostly fragments (BR 2737
– 2741).
Description. Thin-shelled diminutive obolin,
elongately ovoid to slightly subtriangular in
outline with maximum width at or just anterior to
midlength. Both valves very low in convexity, and
ornamented solely with weakly defined closely
spaced concentric growth lines. Dorsal valve
larval shell slightly raised, and devoid of growth
lines. Ventral valve (Fig. 2E, G, I) subacuminate
with a slightly obtuse pointed beak; dorsal valve
(Fig. 2F, H) broadly rounded posteriorly. Ventral
pseudointerarea narrow, extending to 18% of
maximum valve width, and short (estimated
at no more than about 14% valve length), with
well defined propareas flanking wide, shallow,
triangular median groove. Muscle scars and
mantle canals not visible. Some scattered low
pustules are present in anterior half of valve
interior. Dorsal valve pseudointerarea short and
narrow, in the form of a complete concave plate
resting on valve floor, apparently undifferentiated;
immediately anterior to pseudointerarea is a
low triangular raised muscle pad bearing a very
shallow central median depression. No other
traces of muscle scars or mantle canals are visible.
Valve interior faintly pustulose anteriorly, similar

Fig. 2. A-D, Spinilingula sp.; A, B, exterior and interior of ventral(?) valve, BR 2733. C, fragment of exterior
(valve indeterminate), BR 2734. D, fragment of exterior (valve indeterminate), BR 2735. E-I, indeterminate
obolin; E, partial ventral valve exterior, BR 2737. F, ventral(?) valve interior, BR 2738. G, partial ventral valve
interior, BR 2739. H, dorsal valve interior, BR 2740. I, partial ventral valve interior, BR 2741. J-P, Hyperobolus?
thompsonensis sp. nov.; J, K, exterior and interior of partial ventral valve, BR 2742. L, M, exterior and interior
of partial ventral valve, BR 2743. N, exterior of partial dorsal valve, BR 2744. O, interior of partial ventral
valve, Holotype BR 2745. P, interior of partial dorsal valve, BR 2746. Magnification for specimens A-D x10;
E-I x15; J-P x10. C-I are scanning electron microphotographs; remainder are digital macrophotographs.

616

to that of ventral valve interior.
Measurements. Complete dorsal valve BR 2740
(Fig. 2 H): length 2.4 mm, width 1.3 mm.
Remarks. There is nothing sufficiently distinctive
about these specimens to warrant detailed
comparison with many forms in the literature
that have been referred to Lingulella or similar
obolins, and in any case the available material is
too incomplete for identification. The specimens
are documented purely as a matter of record of the
biodiversity of the Thompson Creek fauna.
Family ZHANATELLIDAE Koneva, 1986
Hyperobolus Havlíček, 1982
Type species. Lingula feistmanteli Barrande,
1879
Hyperobolus? thompsonensis sp. nov. (Fig.
2J-P)
Diagnosis. Similar to Hyperobolus species but
relatively much smaller with thick shell; both
valves of equally low convexity, ornamented
solely with concentric growth lines; dorsal visceral
platform not thickened but with conspicuous
elongate central muscle scars.
Etymology. In reference to Thompson Creek, the
type locality.
Material. BR 2742–2750, including four dorsal
valves and five ventral valves; holotype is BR
2745, with other numbered specimens designated
paratypes (BR 2747–2750 are unfigured).
Description. Moderately thick-shelled; both
valve profiles of low and equal convexity,
slightly flattened medially; outline apparently
broadly subtriangular in fully grown individuals
(interpreted from growth lines as no specimens
are complete), expanding rapidly in width away
from beak with maximum width attained about
mid-length or slightly further forward in ventral
valve, anterior margin very broadly rounded;
posterior margin of ventral valve rectangular
to slightly obtuse, dorsal valve margin broadly
rounded. Ornament of fine closely and evenly
spaced growth lines, lacking radial component.
All available specimens are incomplete, but shells
are estimated to attain width of approximately 7
mm and length of at least 7-8 mm.
Ventral pseudointerarea orthocline, bearing
incised transverse striations, and estimated to
extend up to one-third valve width, with deep
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and narrow pedicle groove (Fig. 2K, M, O);
propareas narrowly triangular, elevated above
valve floor and undercut anteriorly; flexure
lines sharply delineated and widely divergent.
Ventral visceral field confined to posterior third
of valve, subtriangular with moderately deeply
impressed anteromedian tongue, flanked by
trapezoidal central muscle attachment scars that
are faintly striate longitudinally (Fig. 2O); narrow
transmedian muscle scars impressed on lateral
periphery of visceral field. Anterior margin of
visceral field moderately thickened and slightly
elevated above valve floor, especially medially.
Mantle canals weakly impressed; vascula
lateralia initially divergent along outer margins
of visceral field, becoming slightly less divergent
anterolaterally; vascula media strongly divergent
from anterior edge of visceral field.
Dorsal valve with low, undivided pseudointerarea consisting of medial concave plate,
flanked by thickened valve margin bearing
crowded striations; musculature confined to
two prominent narrow linear muscle tracks
(presumably representing central muscles) that
diverge slightly on either side of a very weakly
developed median ridge (Fig. 2P); visceral
platform apparently not developed; majority of
posterior valve interior covered by fine internal
pitting.
Remarks. This form probably represents a new
genus and may have been so described but for
the incompleteness of the available material. The
species displays attributes of both Hyperobolus
Havlíček, 1982 and Rosobolus Havlíček, 1982.
It is closest morphologically to the former
(particularly in regards to the disposition of the
visceral fields in both ventral and dorsal valves),
though not conforming entirely with the concept
of that genus. Accordingly it is only tentatively
assigned to Hyperobolus, which is typically a
considerably larger zhanatellid interpreted to
have inhabited marginal marine environments,
most frequently in coarser-grained clastic facies
(eg., Mergl 2002, text-fig. 6). The type species
H. feistmanteli (Barrande, 1879) from the
Tremadocian Třenice Formation of Bohemia was
noted by Havlíček (1982) to be 20-30 mm wide in
adult specimens, equating to three to four times
as large as the New Zealand species. Flexure
lines are seemingly absent from the ventral
valve of H. feistmanteli whereas these are plainly
evident in H. andreevae Popov & Holmer, 1994,
H. fragilis Holmer, Koneva & Popov, 1996 and
H.? thompsonensis. The former two species are
distinguished from the new species by their thin
shell and external radial plications, contrasting
with the thick shell and lack of radial ornament of
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H.? thompsonensis. Hyperobolus mootwingeensis
(Fletcher, 1964), recently redescribed from the
Early Ordovician (Floian) Rowena Formation
of western New South Wales (Percival &
Engelbretsen 2007), also inhabited a postulated
nearshore clastic-dominated environment; its
markedly elongate triangular outline and large
size (typical for the genus) readily distinguishes
it from H.? thompsonensis.
Rosobolus differs from Hyperobolus most
noticeably in lacking regular concentric and
radial ornament (although occasional growth
discontinuities are present). Although some
species comparable in size to typical Hyperobolus
have been described, the type species R. robertinus
Havlíček, 1982, from the Tremadocian Třenice
Formation of Bohemia, is similar in size to H.?
thompsonensis. These two species also show
similarly elongate central muscle scars in the
dorsal valve. However, R. robertinus lacks flexure
lines on the ventral pseudointerarea, and the
generally smooth ornamentation characteristic
of this genus is quite unlike the exterior of the
Thompson Creek form.
Family ELKANIIDAE Walcott & Schuchert,
1908
Indeterminate elkanid? (Fig. 3A-D, H)
Material. BR 2751–2754, including two ventral
valves and two dorsal valves (all incomplete).
Description. Ventral valve outline transversely
subtriangular, apparently wider than long with
width at least 7.5 mm (based on incomplete
ventral valve illustrated in Fig. 3A-B); dorsal
valve transversely ovoid; both valves of
low convexity, with ornament of prominent,
evenly spaced concentric ridges. Ventral valve
pseudointerarea incomplete on available material,
but appears to consist of robust triangular
propareas flanking a wide pedicle groove; visceral
area poorly preserved, with widely divergent
vascula lateralia (Fig. 3 B). Dorsal valve larval
shell (Fig. 3 D) devoid of pits; internal details
largely indiscernible. Shell material moderately
thickened, comprising two layers – the outer with
concentric filae, the inner smooth and bearing
scattered large shallow pits interiorly.
Remarks. This species is tentatively identified
as an elkanid based on the presence of widely
divergent vascula lateralia in the ventral valve,
combined with the general characteristics of the
ventral pseudointerarea. Arguing against this
assignment is the apparent absence of a thickened
platform supporting the visceral field, and the

lack of pitted microstructure on the dorsal valve
larval shell. Determination of the true taxonomic
affinities of this species will depend on more
complete material being recovered.
Superfamily DISCINOIDEA Gray, 1840
Family DISCINIDAE Gray, 1840
Schizotreta Kutorga, 1848
Type species. Orbicula elliptica Kutorga, 1846
Schizotreta sp. (Fig. 3E-G)
Material. BR 2755–2757, including two ventral
valves (BR 2757, a juvenile, not illustrated) and
a dorsal valve.
Description. Elongate ellipsoidal shells, largest
fragment indicates a likely length of at least 3.6
mm and width in excess of 3.3 mm for complete
specimens; profile slightly ventribiconvex, though
both valves are of low convexity; ornament
comprises prominent concentric ridges, closely
spaced posteromedially and more widely separated
anteromedially, occasionally discontinuous on
postero-lateral slopes and generally merging
towards postero-lateral margins; ventral valve
umbo and beak situated posteriorly, with small
teardrop-shaped pedicle track mostly closed by
listrium, located between umbo and posterior
margin; internally with very short pedicle tube
opening just anterior to thickened posterior valve
margin (Fig. 3F); poorly defined visceral field
confined to posterior of valve immediately in
front of pedicle tube; remainder of ventral interior
covered with small shallow pits. Dorsal valve
beak marginal to submarginal; posterior margin
(incomplete on available material) flattened
laterally; visceral area confined medially but
details largely indiscernible.
Remarks. Schizotreta is a cosmopolitan genus
including many described species. The specimens
from Thompson Creek resemble S. corrugata
Cooper, 1956 from the Pratt Ferry Formation of
Alabama, but paucity and incompleteness of the
available material precludes detailed comparison
with this and other species, and the specimens
remain in open nomenclature.
Family TREMATIDAE Schuchert, 1893
Trematis Sharpe, 1848
Type species. Orbicula terminalis Emmons,
1842
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Fig. 3. A-D, H, elkanid? indet.; A, B, exterior and interior of partial ventral valve, BR 2751. C, D, fragment of
dorsal valve exterior, enlargement of larval shell (scale bar = 500 microns), BR 2752. H, dorsal valve exterior,
BR 2753. E-G, Schizotreta sp.; E, partial ventral valve exterior, BR 2755; note presence of boring in apex. F,
G, ventral valve interior and exterior, BR 2756. I-L, Trematis sp.; I, J, exterior and interior of partial dorsal
valve, BR 2758. K, L, exterior and interior of dorsal valve, BR 2759. Magnification for specimens A-C, E-H
x4; D x60; I-L x12. C-E are scanning electron microphotographs; remainder are digital macrophotographs.
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Trematis sp. (Fig. 3I-L)

Diagnosis. Shell subcircular to transversely oval
with straight, wide posterior margin; ventral
valve moderately conical; ventral pseudointerarea
procline to apsacline, commonly with interridge;
foramen enclosed within larval shell; dorsal valve
weakly convex, sulcate; dorsal pseudointerarea
wide, orthocline to anacline with median groove;
apical process forming broad, thickened ridge
anterior and lateral to interior foramen; pinnate
mantle canal deeply impressed; dorsal interior
with long triangular median septum and broad
median buttress (after Holmer & Popov 2000,
p. 108-110).

Material. Two dorsal valves BR 2758–2759,
plus one exterior fragment (valve unknown) BR
2760.
Description. Dorsal valve nearly planar to
low convex in profile; subcircular in outline,
widest medially, with distinctive coarsely pitted
ornament superimposed on indistinct growth lines
in one specimen (Fig. 3I). A second dorsal valve
(Fig. 3K-L) lacks these pits externally (though
fine pitting is present internally), and presumably
has had the superficial pitting layer exfoliated.
Pseudointerarea (or thickened platform – see
Sutton et al. 2000) poorly preserved, apparently
wide and short. Internally, a pair of variably
developed ridges bound the visceral area,
extending to approximately 80% valve length;
these ridges initially diverge slightly, reaching
about 35% valve length, before converging and
curving gently for the remainder of their extent.
A very weak median ridge longitudinally bisects
the entire visceral field, which occupies up to 30%
of valve width. Individual muscles are indistinct;
mantle canals very weakly impressed. Ventral
valve unknown.
Measurements. BR 2758: length 4.0 mm, width
4.0 mm; BR 2759: length 3.6 mm, width 3.6
mm.
Remarks. Adequate comparisons with known
species of this widespread genus are impeded
by the absence of ventral valves and scarcity
of the dorsal valves in the Thompson Creek
fauna. It is entirely possible that the two dorsal
valves illustrated are not conspecific, given the
differences in external pitted ornament and in
the more robust development of ridges bounding
the visceral field in one specimen compared to
the other. However, in both cases these ridges
have a discontinuity in identical places, with the
posteriorly curved section slightly overlapping
the anteriorly convergent ridges. The differences
in ornament, internal pitting and visceral field
bounding ridges may indicate that the larger,
thicker specimen is a gerontic variant.
Order ACROTRETIDA Kuhn, 1949
Superfamily ACROTRETOIDEA Schuchert,
1893
Family ACROTRETIDAE Schuchert, 1893
Cyrtonotreta Holmer, 1989
Type species. Conotreta depressa Cooper, 1956

Remarks. Closely related to Cyrtonotreta is
Talasotreta Holmer, Koneva & Popov, 1996 (type
species T. apollonovi Holmer et al., 1996). The two
genera are distinguished by Cyrtonotreta having
a wide, almost planar ventral pseudointerarea
bearing an interridge – whereas the ventral
pseudointerarea of Talasotreta is much narrower,
more convex and is divided by an intertrough.
The dorsal median septum of Cyrtonotreta is
also considerably higher than that of Talasotreta.
These criteria support assignment of the New
Zealand species to Cyrtonotreta, although it is
of comparable size (exceptionally large for an
acrotretoid) to Talasotreta, which attains a length
up to 8.4 mm and width of 10.9 mm. Apart from C.
robusta, described here, the genus encompasses
the type species C. depressa (Cooper, 1956) from
the Pratt Ferry Formation (Pygodus anserinus
conodont Zone) of Alabama, C. vestrogothica
Holmer, 1989 from the Middle Ordovician
Gullhögen Formation and Ryd Limestone of
Västergotland, Sweden, and several unassigned
or informally named species described from
Nevada (as Conotreta sp. of Krause & Rowell,
1975 from Meiklejohn Peak), Sweden (C. sp. a,
and C.? striata Holmer, 1989) and Kazakhstan,
including C. sp. of Nikitina et al. (2006) from the
Uzunbulak Formation of the Chu-Ili Range in
south Kazakhstan; C. sp. of Popov (2000b) from
the Late Ordovician Bestyube Formation of northcentral Kazakhstan; and doubtfully “Conotreta ex.
gr. depressa Cooper, 1956” from the Bestamak
Formation of the Chingiz-Tarbagatay terrane
(figured by Popov in Nazarov & Popov 1980, pl.
21, figs 4-5).
Cyrtonotreta robusta sp. nov. (Fig. 4A-U, Fig.
5A-I)
Diagnosis. Large, thick-shelled Cyrtonotreta
with ventral valve distinguished by even slopes
in anterior and lateral profiles; wide, planar
ventral pseudointerarea lacking either interridge
or intertrough; dorsal median septum variable in
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Fig. 4. Cyrtonotreta robusta sp. nov.; A, exterior of ventral valve, pseudointerarea uppermost, BR 2761. B,
exterior of ventral valve, pseudointerarea uppermost, BR 2762. C, D, fragment of dorsal valve exterior and
interior, BR 2763. E, F, partial dorsal valve exterior and exterior, BR 2764. G, partial ventral valve oblique
interior view, anterior broken away, BR 2765. H, dorsal valve interior, BR 2766. I, anterior view of ventral
valve, BR 2767. J, K, interior and exterior of gerontic dorsal valve, BR 2768. L, interior of gerontic ventral
valve, anterior and lateral portions of shell broken, posterior margin lowermost, BR 2769. M, N, oblique exterior
and interior views of ventral valve, BR 2770. O, P, interior and exterior views of ventral valve, posterior margin
uppermost, Holotype BR 2771. Q, R, exterior and interior views of partial ventral valve, posterior margin
uppermost; note prominent apical process, BR 2772. S, partial interior of dorsal valve, BR 2773. T, U, interior
and exterior of partial dorsal valve, BR 2774. Magnification; A-I x4; J-U x8. All digital macrophotographs.
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expression but mostly very long and high.
Etymology. Alluding to the thick shell of this
species.
Material. BR 2761–2780; Holotype is BR 2771,
all other figured specimens are designated as
paratypes.
Description. Robust thick-shelled valves,
subcircular to transversely suboval in outline
with wide, straight posterior margin; maximum
width occurs at approximately one-third length
from beak; all available material is incomplete,
but several large fragments attain widths of at
least 6 to 7 mm; the largest ventral valve is 11.5
mm wide (Fig. 5O, P) and a partial dorsal valve
is more than 10 mm wide (Fig. 5T, U). Ornament
generally weakly developed, consisting of closely
spaced growth lines except for rare specimens
displaying very fine radial costae (Fig. 5B).
Ventral valve subpyramidal with even anterior
and lateral slopes in profile; moderately high,
height/width ratio approximately 60%; small
apical foramen situated immediately posterior to
larval shell; pseudointerarea catacline to slightly
procline, generally planar to occasionally very
broadly and slightly concave, bearing closely
spaced fine growth lines, lacking either interridge
or intertrough; interior of ventral valve with
prominent apical process expanding dorsally
along centre of inner face of posterior margin
(Fig. 5R), process may partially occlude internal
pedicle tube in some gerontic specimens; visceral
area dominated by pair of large, ovoid central
muscle scars standing above valve floor on pads;
mantle canals deeply impressed, coarsely pinnate.
Dorsal valve planar to weakly convex, sometimes
with a faint median sulcus, though occasionally
with deep narrow median cleft mirroring trace
of internal median septum; a small pointed beak
is generally present, projecting very slightly
beyond the wide posterior margin that extends
to about 75% maximum width; anacline dorsal
pseudointerarea restricted to narrow triangular
weakly concave plate; median buttress not
developed, so that concave pseudointerarea
overhangs (and is disjunct from) posterior
end of long median septum which extends to
approximately 75-80% of valve length when
fully grown, bearing a single septal rod medially
in best preserved specimens (Fig. 5 D, H) but
otherwise thin, simple and wall-like, gently
rising anteriorly; prominent pair of large circular
cardinal muscle scars situated posteromedially
and raised above valve floor; smaller paired
anterocentral muscle scars (visible only in largest
specimens) located adjacent to posterior portion

of median septum; mantle canals not impressed
in majority of specimens, although one gerontic
form (Fig. 5S) displays thick vascula lateralia;
valve margins distinctly flattened in gerontic
individuals peripheral to slightly raised rounded
submarginal ridge.
Remarks. This is the most common acrotretoid
brachiopod preserved in the Thompson Creek
fauna, readily recognisable in limestone residues by
virtue of its large size and robust shell morphology.
Although it shares general characteristics with
both the type species C. depressa (Cooper, 1956)
and C. vestrogothica Holmer, 1989, especially
in relation to the strongly impressed internal
features of both valves, the new species is much
larger than either of these or any other known
species of Cyrtonotreta. In lacking an interridge
dividing the ventral pseudointerarea, which is
therefore essentially planar, C. robusta resembles
C. depressa (and also C. sp. a of Holmer 1989),
rather than C. vestrogothica in which an interridge
is very weakly developed. The subpyramidal
profile of the ventral valve of C. robusta, marked
by long planar slopes, most readily distinguishes
it from the other species. This profile differs
markedly from that of C. vestrogothica, in which
there is a short, steep increase in slope leading
to the apex; Holmer (1989, p. 93) alluded to this
distinctive lateral profile as humpbacked. As its
name suggests, C. depressa has a depressed,
more squat ventral valve profile with a distinctly
strongly apsacline pseudointerarea, quite unlike
the catacline to weakly procline orientation of the
pseudointerarea in C. robusta.
Cyrtonotreta sp. cf. C. depressa (Cooper, 1956)
(Fig. 5P, Q)
Material. BR 2781.
Description. Dorsal valve subcircular to slightly
transversely ovoid, very low in convexity with a
slight, shallow sulcus developed anteromedially.
Weakly defined growth lamellae present externally.
Pseudointerarea orthocline, moderately wide,
extending to approximately half maximum
width, and bearing a shallow, narrow depression
medially. Median buttress depressed. Cardinal
muscle scars small, circular, located close to
posterior end of thick median septum that extends
to about 70% valve length. Septum rises gently
in height towards anterior, and may bear a single
spine. Mantle canals weakly impressed, finely
pinnate. Ventral valve unknown.
Remarks. The sole dorsal valve provisionally (in
the absence of the corresponding ventral valve)
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Fig. 5. A-I, Cyrtonotreta robusta sp. nov.; A, B, exterior of ventral valve in postero-lateral view, and enlargement
of larval shell (with apex slightly damaged) immediately anterior to foramen, BR 2775. C, exterior of ventral
valve, pseudointerarea uppermost, BR 2776. D, E, oblique interior and interior views of ventral valve, showing
prominent mantle canals, BR 2777. F, H, oblique anterior view of ventral valve exterior (continued opposite)
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referred to this species closely resembles a
topotype specimen from the Pratt Ferry Formation
of Alabama, figured by Holmer & Popov (2000,
fig. 54.2b).
Physotreta Rowell, 1966
Type species. Acrotreta spinosa Walcott, 1905
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pedicle tube (Fig. 6F). In one specimen (Fig. 6C),
the lamellose shell deposits have broken to reveal
a tongue-like apical process. No muscle scars or
mantle canals observed, as the valve walls beyond
the thickened apical region appear to have been
broken away. Shell structure baculate (cf. Holmer
1989), with closely spaced, continuous, horizontal
lamellae separated by very fine vertical pillars
(Fig. 6D, H).

Physotreta? sp. (Fig. 5J-O, Fig. 6B-H)
Material. Dorsal valves: BR 2782–2784; ventral
valves BR 2785–2787.
Description. Dorsal valve very weakly convex;
outline subcircular to transversely subrectangular
with small, obtuse beak barely protuberant above
linear posterior margin, and broadly rounded
lateral and anterior margins. Pseudointerarea
anacline, very short and relatively narrow,
occupying median one-third of posterior margin
(though rarely extending up to half width of
posterior margin, e.g. Fig. 5O), and consisting of
a slightly depressed undivided triangular plate.
Median buttress small, triangular to T-shaped
and weakly concave, adjoining a simple ridgelike median septum that rises rapidly ventrally
with maximum height attained in anterior third of
valve; in some specimens median septum merges
anteriorly with weak subperipheral rim that
extends to posterolateral extremities, but in other
examples the septum terminates immediately
posterior to this rim. Prominent cardinal muscle
scars, clearly differentiated into posterior and
anterior pairs, extend laterally to subperipheral
rim and occupy about two-fifths valve length.
Mantle canals indiscernible.
Ventral valve moderately highly conical in
profile with broad base tapering to narrow apex
bearing small circular foramen, with straight
lateral and anterior slopes and very gently concave
posterior slope. Outline circular except for
flattened posterior margin; no discernible exterior
ornament. Pseudointerarea catacline to procline,
weakly concave but otherwise not differentiated.
Internally, the upper third (approximately) of the
valve is occluded by shelf-like layers of shell
material, except around a substantially enlarged

Remarks. It has yet to be conclusively established
that the dorsal and ventral valves described
above, and illustrated in Figures 5 and 6, did
in fact belong to the same species. They are
tentatively grouped because they do not readily
correspond to any other species in the fauna, they
are of comparable large size, and both valves are
moderately well represented in the limestone
residues from Thompson Creek. Added to this
uncertainty is their tentative identification as a
genus which is predominantly of Late Cambrian
age, with only a doubtful record in the Tremadoc
of Kazakhstan (P. rugosa Popov in Nazarov &
Popov, 1980). The only other Ordovician report
of Physotreta, as P. deformis Holmer, 1989, has
since been reassigned to Talasotreta Holmer,
Koneva & Popov, 1996.
There is considerable resemblance between the
dorsal valve of P. rugosa depicted by Nazarov
& Popov (1980, pl. 25, fig. 4) and those from
Thompson Creek, shown in particular by the very
large size of the cardinal muscle scars, as well as
the length of the median septum. Ventral valves of
Physotreta were distinguished by Rowell (1966,
p. 19) as having a conspicuous apical process
of lamellose shell material plugging the apical
region of the valve, through which is developed
a large internal pedicle opening. This accurately
describes the New Zealand material (Fig. 6B, C, F,
G), which is believed to represent only the apical
section of each valve, the dorsal continuation of
which (being thinner) has broken away during
fossilisation and/or processing. If the dorsal
and ventral valves are correctly associated, the
taxon is certainly a new species awaiting formal
designation; alternatively, they could represent
two separate species.

partially broken away to reveal interior, and same specimen in lateral profile (posterior to left), BR 2778. G,
oblique interior view of partial ventral valve, posterior portion of shell broken away, BR 2779. I, ventral valve
exterior, pseudointerarea lowermost BR 2780. J-O, Physotreta? sp.; J, K, lateral view of dorsal valve interior
showing median septum in profile, and postero-lateral portion of same valve showing muscle scars and median
buttress, BR 2782. L-N, lateral view of dorsal valve interior showing very high median septum in profile, plan
view of same specimen, and detail of median buttress (same specimen slightly tilted), BR 2783. O, interior
view of dorsal valve, BR 2784. P, Q, Cyrtonotreta sp. cf. C. depressa (Cooper, 1956), interior and exterior
views of dorsal valve, BR 2781. R, indeterminate acrotretoid genus 1, interior of dorsal valve, BR 2788.
Magnification for all specimens x15, with exception of B (x500). P-R are digital macrophotographs; remainder
are scanning electron microphotographs.
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Fig. 6. A, indet. acrotretoid genus 2, exterior of ventral valve, pseudointerarea lowermost, BR 2789. B-H,
Physotreta? sp.; B, interior of ventral valve, pseudointerarea lowermost, BR 2785. C, D, oblique interior view
of ventral valve, and enlargement of shell structure in broken cross section through valve (scale bar represents
100 microns), BR 2786. E-H, ventral valve exterior in oblique posterior profile, interior (pseudointerarea
uppermost), oblique interior view, and enlargement of shell structure in broken cross section through valve
(scale bar represents 100 microns), BR 2787. I, J, indet. acrotretoid genus 3, interior and exterior views
(posterior profile) of ventral valve, BR 2790. K, indet. acrotretoid genus 4, exterior view of conjoined valves
from posterior, dorsal valve uppermost, BR 2791. L, indet. acrotretoid genus 5, oblique (continued opposite)
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Indeterminate acrotretoid genus 1 (Fig. 5R)

Indeterminate acrotretoid genus 3 (Fig. 6I, J)

Material. BR 2788.

Material. BR 2790.

Description. Dorsal valve weakly convex;
outline approximately subcircular, beak
slightly protuberant; profile nearly planar with
irregular, shallow undulations laterally and
weak median sulcus anteriorly. Ornament of
very fine, extremely closely spaced, concentric
growth lines. Pseudointerarea relatively narrow,
orthocline, bearing posteriorly directed median
triangular depression and overhanging along its
anterior edge. Median buttress lacking; long, low
median septum extending from pseudointerarea
almost to anterior margin, lacking surmounting
plate or spines. Muscle scars and mantle canals
not discernible. Ventral valve unknown.

Description. Ventral valve broadly conical in
profile with pointed, slightly incurved beak
bearing minute foramen; outline transversely
subrectangular; wide catacline pseudointerarea
with broad, undifferentiated, shallowly concave
propareas delineated laterally by narrow peripheral
divergent ridges. Interior with prominent, very
coarsely pinnate vascula lateralia. Dorsal valve
unknown.

Measurements. Length1.8 mm, width 1.8 mm.
Remarks. A number of ventral valves, and at
least one dorsal valve in the Thompson Creek
limestone residues, could not be identified due
to lack of material and uncertainties about the
corresponding valves. These taxa are recorded
here by brief description and illustration as
indications of the faunal diversity.

Indeterminate acrotretoid genus 4 (Fig. 6K)
Material. BR 2791.
Description. Valves conjoined: ventribiconvex;
moderately high conical ventral valve with wide,
very gently convex posterior margin. Pedicle
foramen subapical, on posterior face at apex
of undifferentiated apsacline pseudointerarea.
Dorsal valve moderately and evenly convex,
with wide posterior margin and very small beak.
Internal details unknown.
Indeterminate acrotretoid genus 5 (Fig. 6L)

Indeterminate acrotretoid genus 2 (Fig. 6A)

Material. BR 2792.

Material. BR 2789.

Description. Ventral valve highly conical,
with foramen at apex of undifferentiated
pseudointerarea; beak slightly overhanging
planar posterior margin; valve outline transversely
subrectangular; exterior of valve smooth.
Internal details and corresponding dorsal valve
unknown.

Description. Ventral valve a moderately low
cone, circular in outline, with a broad low
interridge dividing wide procline pseudointerarea.
Internal details and corresponding dorsal valve
unknown.
Remarks. Several acrotretoids bearing interridges
are known, including Hisingerella, Spondylotreta,
Sasyksoria and Conotreta? devota Krause &
Rowell, 1975. Without further specimens of
the New Zealand species, comparisons are
unwarranted. Potentially the unattributed dorsal
valve referred to above as ‘Indeterminate
acrotretoid genus 1’ belongs with this ventral
valve.

Indeterminate acrotretoid genus 6 (Fig. 6M)
Material. BR 2793.
Description. Ventral valve a moderately high
cone with narrow intertrough on wide, otherwise
undifferentiated, catacline pseudointerarea as
its only distinctive feature. Internal details and
corresponding dorsal valve unknown.

posterior view of ventral valve, showing part of pseudointerarea and anterior surface of shell interior, BR
2792. M, indet. acrotretoid genus 6, postero-lateral profile of ventral valve exterior showing pseudointerarea,
BR 2793. N-O, Q-R, indet. acrotretoid genus 7. N, O, posterior profile of ventral valve, and enlargement of
pedicle foramen and pitted larval shell (scale bar represents 100 microns), BR 2794. Q, R, oblique posterior
profile of ventral valve, and valve interior (pseudointerarea uppermost), BR 2795. P, S-U, indet. acrotretoid
genus 8. P, profile of ventral valve, BR 2796. S-U, exterior profile, detail of internal structure of larval shell,
exposed by erosion of surficial layer (scale bar represents 20 microns), and interior of ventral valve, BR 2797.
Magnification for specimens A-C, E-G x15; for details of shell structure D, H, x100; for specimens I-M 20x; N
x25; O x100; P-S, U x50; T x500. All images are scanning electron microphotographs.
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Fig. 7. Scaphelasma paturauensis sp. nov.; A, interior of dorsal valve, viewed obliquely to show septum profile,
BR 2798. B, interior of dorsal valve, BR 2799. C, ventral view of conjoined valves with posterior margin at
bottom; median septum visible through broken apex, BR 2800. D, exterior of ventral valve, posterior margin at
top, BR 2801. E, F, dorsal valve interior, and enlargement of valve floor (scale bar = 100 microns), BR 2802.
G, H, ventral valve exterior with posterior margin at bottom, and in anterior profile, BR 2803. I-L, exterior of
dorsal valve (I), enlargement of larval shell (J) and growth lamellae in anteromedian portion of shell (K) (scale
bars for J, K = 100 microns), and detail of pitting on larval shell (L, scale bar = 10 microns), Holotype BR
2804. M, N, exterior view of dorsal valve, and enlargement of larval shell presumed eroded (scale bar for N =
100 microns), BR 2805. Magnification; A-E, G-I, M x30; enlargements F, J, K, N x200; L x500. All images are
scanning electron microphotographs.
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Indeterminate acrotretoid genus 7 (Fig. 6N,
O, Q, R)
Material. BR 2794–2795.
Description. Ventral valve an asymmetrical
cone, with apex occupied by round foramen and
extending into short pedicle tube that overhangs
flat posterior margin occupying about half
valve width; anterior slope of valve slightly
concave. Outline transversely subrectangular;
pseudointerarea not differentiated; exterior of
valve smooth except for very finely pitted larval
shell. Interior relatively featureless except for
pedicle tube; apical process not present. Dorsal
valve unknown.
Remarks. In the development of a short external
pedicle tube, this species recalls Conotreta?
siljanensis Holmer, 1989.
Indeterminate acrotretoid genus 8 (Fig. 6P,
S-U)
Material. BR 2796–2797.
Description. Ventral valve is a flat-topped,
moderately high cone with relatively large
foramen at apex, broad at base, with faint crowded
growth lines on exterior; outline subcircular.
Interior featureless except for pedicle tube; apical
process lacking. Dorsal valve unknown.
Remarks. This species may be an ephippelasmatid,
though without the dorsal valve with its diagnostic
septal spines it is impossible to confirm this.

627

directed rods on the interior surface of the
dorsal valve (Fig. 7E, F), with a corresponding
arrangement of ridges separated by slots forming
the posterior part of the concentric lamellae that
are prominent on the shell exterior. Although
this feature may be preservation-dependent, it
is interpreted here as reflecting a specific trait
making the shell lighter while maintaining its
strength. Other species appear to be more robust
in their construction, with thicker valves that lack
the distinctive microstructure. Where investigated
with SEM, the larval shell of Scaphelasma species
is invariably shown to be covered with pits of two
distinct dimensions (Fig. 7L), most comprising
larger, flat-bottomed pits that are separated by
narrow ridges, along which are dispersed much
finer pits. These features are now incorporated in
the revised diagnosis, above.
Scaphelasma paturauensis sp. nov. (Fig. 7AN)
Diagnosis. Scaphelasma with strongly defined,
closely spaced, concentric ornament covering
majority of both valves, each exterior ring
consisting of a posterior array of crowded,
parallel microscopic ridges and slots terminating
anteriorly in a smooth flat marginal band; dorsal
valve weakly convex and non-sulcate, with long
median septum.
Etymology. After the Paturau River, of which
Thompson Creek is a tributary.
Material. BR 2798–2806; Holotype is BR
2804, other figured specimens are designated as
paratypes.

Family SCAPHELASMATIDAE Rowell, 1965
Scaphelasma Cooper, 1956
Type species. Scaphelasma septatum Cooper,
1956
Diagnosis. Ventral valve low, conical, with poorly
defined, procline pseudointerarea; foramen large,
oval; apical process variably developed; dorsal
valve with high median septum; median buttress
absent. Interior of valves may show microstructure
of radial rods intersecting concentric growth
lamellae; valve exteriors with concentric rugae.
Larval shell covered by crowded pits of two
distinct sizes (modified after Holmer & Popov
2000, p. 122).
Remarks. Several species of Scaphelasma have
been found to be characterised by a distinctive
shell microstructure, consisting of radially

Description. Shell larger than average for the
genus, up to 1.1 mm in length and 1.4 mm in
width; ventribiconvex, with ventral valve a low
asymmetric cone (height about five-eighths valve
width) steeply inclined along posterior margin
and more gently and evenly rounded elsewhere,
with flattened apex (Fig. 7H); dorsal valve
very gently convex, with prominent rounded
beak extending beyond posterior margin and
slightly incurled at apex; lateral and anterior
slopes flattened, sulcus not present. Shell outline
predominantly transverse ovoid, with maximum
valve width attained immediately anterior to
posterior margin; less commonly subcircular;
L/W ratio for ventral valves in range 0.71-0.76,
and for dorsal valves 0.75-0.8 (occasionally to
0.97). Concentric ornament prominent, covering
majority of shell surface apart from larval shell;
each concentric lamella consists of a wider
posterior band bearing crowded, radially directed,
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microscopic ridges separated by slots (Fig. 7K);
anterior edges of lamellae are smooth, slightly
raised and thickened, and spaced 40-55 microns
apart in majority of specimens but up to 100
microns spacing on one valve (Fig. 7M – all
measurements taken in anterior half of valves
where the lamellae are slightly further apart and
more evenly spaced than in posterior). Finer
concentric rings that occur about midway within
each lamella are interpreted as short duration
(seasonal?) growth rings, with the termination
of the lamellae probably representing an annual
growth increment.
Ventral valve with poorly delineated procline
pseudointerarea occupying approximately half
valve width or less and depressed medially to
form wide, shallow intertrough; foramen located
at apex of pseudointerarea, partly visible in Figure
7C. Internal details of ventral valve unknown.
Larval shell on dorsal valve (Fig. 7J) 120-150
microns in length and 200-230 microns wide,
lacking growth lamellae, but instead covered
in crowded, flat-bottomed pits 3-4 microns
in diameter separated by low ridges bearing
extremely minute pores (Fig. 7L); such pitting
may not be revealed due to erosion of shell (Fig.
7N). Dorsal pseudointerarea an orthocline, narrow
plate variable in width but occupying no more
than one-third valve width, poorly differentiated
with shallow median depression, and an undercut
anterior edge; cardinal buttress lacking; median
septum in form of a long simple ridge (without
any surmounting plate or spines) gradually
rising from valve floor between one-quarter and
one-third valve length from beak and extending
almost to anterior valve margin; septum triangular
in profile, highest anteriorly (Fig. 7A); internal
fine shell structure mimicking external ornament
in consisting of closely spaced layers composed
proximally of short crowded radial rods that
distally merge or disappear into solid concentric
lamellae (Fig. 7F). Muscle scars and mantle canals
not observed.
Remarks. Scaphelasma is a widely distributed
genus known from at least 13 species, with
several others undescribed, ranging in age from
Early Ordovician (Floian?) to Late Ordovician
(late Katian). Species have been described from
Laurentia, several terranes in Kazakhstan, South
China, throughout Baltoscandia, and in Ireland.
Scaphelasma is also represented in the Late
Ordovician of New South Wales by an as yet
undescribed species referred to S. scutula Popov,
Nõlvak & Holmer, 1994 (Percival et al. 1999).
Distinguishing between the established species,
and determining the validity of a new species,
has generally been reliant on such criteria as
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the convexity of both valves, variations in the
prominence of the concentric ornament, relative
dimensions of shell outline and pseudointerarea
width, and the length and profile of the median
septum. Microstructure of the shell material,
and appearance of the larval shell, are additional
features which can sometimes be used for species
discrimination. However, as the following
comparison of all known Middle and Late
Ordovician species of Scaphelasma shows, a
combination of several morphological features
is required to adequately characterise the new
species.
Although the type species S. septatum Cooper,
1956 (from the Pratt Ferry Formation of Alabama;
also recorded from the northwest Russian
Platform by Goryanskiy 1969) has a dorsal
median septum of comparable length to that of the
New Zealand species, the two cannot be confused
when compared externally; in S. septatum the
rugate growth lamellae are developed only in
the anterior third of the dorsal valve, whereas in
S. paturauensis they cover the majority of the
shell surface.
Three species – S. lamellosum, S. tumidatum
and S. anomalatum – were described from
Meiklejohn Peak in Nevada by Krause & Rowell
(1975). Scaphelasma lamellosum displays a
strong concentric ornament, closely resembling
that of S. rugosum Goryanskiy, 1969, but the
latter is distinguished by Krause & Rowell
(1975) as having an apparently non-sulcate
dorsal valve and a smaller larval shell on the
dorsal valve. In contrast, the ornament of
Scaphelasma tumidatum is much more subdued,
its dorsal valve is considerably more convex and
is distinctly sulcate. Scaphelasma anomalatum
differs from the other two species occurring at
Meiklejohn Peak in developing a broad, shelflike dorsal pseudointerarea and ridges bounding
the cardinal muscle scars medially. Of these
species, S. lamellosum and S. rugosum are most
similar to S. paturauensis in development of a
strong concentric ornament, but whereas in the
latter the growth rings cover most of the shell
surface and terminate in a flat-lying anterior
edge, concentric rugae present in the anterior
two-thirds of S. lamellosum are rounded and
incurved, hence standing noticeably above each
succeeding growth ring.
Of the two species described by Zhang (1995)
from the Kunuitan and Datianba formations of
Hunan, China, S. hunanensis has a relatively
shorter median septum in the dorsal valve,
and much finer concentric growth lamellae
compared to S. paturauensis. Although S. afflata
Zhang 1995 (also known from the Uzunbulak
Formation of South Kazakhstan – Nikitina et al.
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2006) has a comparable ornament to that of S.
paturauensis, the two are readily separable by
the distinctive septal rod borne on the median
septum of S. afflata, whereas development of a
septal rod is unknown in the New Zealand species.
Comparable distinctive microstructure to that
observed in S. paturauensis is illustrated by Zhang
(1995) in both Chinese species.
Other species of Scaphelasma described from
Kazakhstan include S. mica Popov, 1975, S.
pusillum Popov in Nazarov & Popov, 1980 (see
also Popov 2000a), and S. zharykensis Popov,
2000b. Scaphelasma mica has finer concentric
ornament, a comparatively narrower interarea,
and a shorter median septum rising from the
dorsal valve floor just posterior to midlength,
all of which serve to distinguish it from S.
paturauensis. However, both topotype material
of S. mica illustrated by Holmer (1989, fig.
100) as well as specimens from Västergötland,
Sweden (Holmer 1986, fig. 10) display a similar
microstructure of the dorsal valve to that of the
New Zealand form. Scaphelasma pusillum also
has very fine and crowded concentric ornament,
but differs from all other species (including S.
paturauensis) by its conspicuous cardinal muscle
scars and relatively high ventral valve.
Holmer (1989, fig. 101) depicted SEM
enlargements of S. cf. S. pusillum from the Dalby
Limestone of Dalarna and Västergötland, which
seems to lack the microstructure of rods and
lamellae seen in S. mica and S. paturauensis.
Another unnamed species, designated S. sp. nov.
a by Holmer (1989), which does display this
microstructure, differs from S. paturauensis in
having a sulcate dorsal valve with an exceptionally
high median septum.
Scaphelasma scutula Popov et al., 1994 from
the Harju Series of Estonia, and the similar
species S. zharykensis Popov, 2000b from the
Bestyube Formation of north-central Kazakhstan,
are differentiated from other species by a well
developed rod-like apical process internally in
the ventral valve. Since available specimens of
the ventral valve of S. paturauensis are damaged
apically, this criterion cannot be used to compare
it with the other two species. However, the dorsal
median septum is considerably longer in the New
Zealand species, commencing between one-tenth
and one-seventh the length from the posterior,
rather than about midlength. The dorsal valve
profile (flattened or sulcate anteriorly) of both S.
scutula and S. zharykensis is very different to that
of S. paturauensis, which is also more strongly
ornamented with concentric rugae. Only the
shell microstructure of S. zharykensis (see Popov
2000b, fig. 8:1, 4, 13) is remarkably similar to that
of the New Zealand species.

Scaphelasma subquadratum Biernat, 1973
differs from S. paturauensis in having a finer
concentric ornament, a sulcate dorsal valve,
and a generally shorter median septum, but the
microstructure of the shell material is again
similar.
Family TORYNELASMATIDAE Rowell, 1965
Torynelasma Cooper, 1956
Type species. Torynelasma toryniferum Cooper,
1956
Diagnosis. Ventral pseudointerarea catacline to
weakly apsacline; dorsal median septum high with
flat to dorsally concave surmounting platform
(Holmer & Popov, 2000, p. 124).
Torynelasma takakaea sp. nov. (Fig. 8A-J,
M-S)
Diagnosis. A relatively large species of
Torynelasma with a high, acutely conical to
pyramidal ventral valve; dorsal median septum
extending to anterior valve margin.
Etymology. After the Takaka Terrane, Northwest
Nelson, New Zealand.
Material. BR 2807–2817; Holotype is BR
2808, other figured specimens designated as
paratypes.
Description. Shell relatively large for the genus,
length ranging from 1.2-1.9 mm and width from
1.5-2.5 mm. Valve profile strongly ventribiconvex,
with high, acutely conical to pyramidal ventral
valve having an observed H/W ratio from 0.94
to 1.29; dorsal valve weakly convex to almost
planar; transversally suboval to semicircular
in outline with wide, nearly straight to slightly
concave posterior margin, L/W ratio ranging from
0.69 to 0.88; exterior micro-ornament consisting
of crowded terrace lines (Fig. 8M).
Ventral valve with minute apical foramen at
apex of posterior face; ventral pseudointerarea
catacline to very slightly procline, large but
very poorly delineated, slightly depressed to
almost planar, lacking either intertrough or
interridge; beak upright, not incurved; interior
(Fig. 8 P) with thickened Y-shaped apical process
surrounding pedicle tube, flanked by several
rounded depressions probably representing
muscle scars; much of interior valve surface
away from apex is smooth or extremely finely
longitudinally striated, mantle canal impressions
are lacking.
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Dorsal valve with very broad, obtuse beak
slightly protruding beyond wide but very narrow
anacline pseudointerarea occupying more than
half valve width, consisting of a single very
weakly concave plate that is slightly undercut
along its anterolateral edges; median buttress
relatively narrow, about one-quarter valve
width, and extremely short, forming a laterally
directed plate attached to anteromedian edge
of pseudointerarea; thin ridge-like median
septum (bearing narrow concave anteriorly
expanding surmounting plate which does not
continue past valve midlength) commences at
median buttress and extends almost to posterior
margin; highest point of median septum at
approximately midlength of valve, coincident
with ventrally directed upswept anterior end
of surmounting plate, then rapidly declining in
height to anterior margin; no spines or accessory
plates present; prominent pair of subtriangular
cardinal muscle scars situated on slightly elevated
pads immediately anterior to pseudointerarea
and about halfway between median septum and
lateral extremities. Mantle canals generally not
impressed, but where occasionally visible (Fig.
8C) appear to be of pinnate pattern with divergent
vascula lateralia.
Measurements. Holotype BR 2808: length 1.4
mm, width 1.8 mm; paratype BR 2809: length
1.2 mm, width 2.0 mm.
Remarks. As discussed by Holmer (1989), the
concept of Torynelasma based on the holotype
dorsal valve of T. toryniferum Cooper, 1956 (from
the Pratt Ferry Formation of Alabama) clearly
requires that ventral valves have a similar outline.
Ventral valves of the Thompson Creek species
can be confidently assigned to the dorsal valves
(with their diagnostic surmounting plate) as both
share wide and nearly straight to slightly concave
posterior margins. None of the unattributed
ventral valves of acrotretides shown in Figure
6 have posterior margins of sufficient width to
match the torynelasmatid dorsal valves.
As in the type species T. toryniferum, the

median septum in the dorsal valve of T. takakaea
extends to meet the anterior valve margin, and
the surmounting plate is devoid of spinose
projections. However, the Pratt Ferry form (which
at 1.6 mm in width was described by Cooper 1956,
p. 258 to be of “fairly large size”) is significantly
smaller than the new species, which ranges in
width from 1.5-2.5 mm. Other species, described
from Nevada, Sweden, South Kazakhstan and
South China, rarely exceed 1.2 mm in length and
1.6 mm in width. The considerable height of the
ventral valve of T. takakaea distinguishes it from
all other species of Torynelasma, and more closely
resembles the related genera Polylasma Popov in
Nazarov & Popov, 1980, and Issedonia Popov in
Nazarov & Popov, 1980. Both the latter genera are
characterised by modifications to the surmounting
plate, involving either spines (Issedonia) or
a complex of dorsally directed lateral ridges
(Polylasma), which are not developed in any
of the Thompson Creek specimens. One dorsal
valve (Fig. 8D) displays a few incipient spinose
projections on the underside of the anterior end of
the surmounting plate, but it is not clear whether
these are secondary features resulting from the
pervasive recrystallisation that affected this
specimen. The lateral margins of the surmounting
plate of another dorsal valve (Fig. 8S) appear to be
dorsally directed, but this specimen has suffered
considerable damage to the median septum during
fossilisation resulting in the anterior extremity
of the septum having become partially detached;
again, these modifications are probably not
original.
Family EPHIPPELASMATIDAE Rowell, 1965
Lurgiticoma Popov in Nazarov & Popov, 1980
Type species. Lurgiticoma singularis Popov in
Nazarov & Popov, 1980
Lurgiticoma? sp. (Fig. 8K, L)
Material. BR 2818.

Fig. 8. A-Q, Torynelasma takakaea sp. nov.; A, B, interior of partial dorsal valve, oblique and plan views, BR
2807. C, interior of dorsal valve, Holotype BR 2808. D, interior of dorsal valve, BR 2809. E, F, dorsal valve
interior in oblique profile and plan views, BR 2910. G, ventral valve exterior profile in lateral view, posterior to
left, BR 2811. H, ventral valve exterior profile viewed from anterior, BR 2812. I, J, exterior profile of ventral
valve viewed from posterior and slightly oblique lateral perspectives, BR 2813. K, L, plan and oblique profile
views of dorsal valve, BR 2814. M, interior of dorsal valve, with displaced anterior termination of median
septum surmounting plate, BR 2815. N, view of interior of dorsal valve; note that median septum has been
partially broken from floor of valve and shifted to right, BR 2816. O-Q, interior, exterior views of ventral valve,
showing pseudointerarea, and detail of growth lamellae respectively (scale bar = 100 microns), BR 2817. R, S,
Lurgiticoma? sp.; R, oblique profile of ventral valve exterior showing pseudointerarea, BR 2818. S, detail of
larval shell and pedicle foramen of this specimen, scale bar = 100 microns. Magnification for all x20, except Q
& S, x200. C, D, & H are digital macrophotographs; remainder are scanning electron microphotographs.
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Fig. 9. Undiferina nevadensis Rowell & Krause, 1973. A, interior of ventral valve, pseudointerarea uppermost,
BR 2819. B, C, exterior of ventral valve, in oblique lateral profile and plan views, BR 2820. D, interior of
ventral valve, BR 2821. E, F, interior and lateral profile of ventral valve, BR 2822. G, H, ventral valve interior
view, and enlargement of right muscle scar (scale bar beneath = 200 microns), BR 2823. I, ventral valve
exterior, posterior margin at top, BR 2824. J, ventral valve exterior, BR 2825. K, L, ventral valve exterior, and
detail of larval shell with vestigial pedicle foramen (scale bar above = 200 microns), BR 2826. M, ventral valve
exterior, BR 2827. N, interior view of partial dorsal valve, BR 2828. O, dorsal valve interior, BR 2829. P, T,
interior view of partial dorsal valve, and lateral profile, BR 2830. Q-S, dorsal valve interior, enlargement of
crest of median septum, and oblique lateral profile of valve interior, BR 2831. Magnification for all x15, except
H, L, S, x65. A, J are digital macrophotographs; remainder are scanning electron microphotographs.
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Description. Ventral valve conical, moderately
high, with apex completely occupied by larval
shell ornamented by very fine, evenly sized pits
and perforated by open circular foramen; beak
slightly overhanging catacline pseudointerarea
with low, flat interridge medially; post-larval
shell ornamented with closely spaced, concentric
growth ridges. Internal details not observed.
Dorsal valve presently unknown.
Remarks. This solitary ventral valve would
closely compare with Ephippelasma Cooper, 1956
or Myotreta Goryanskiy, 1969 (for example, see
fig. 68.1f and 68.3e respectively, of Holmer &
Popov 2000) were it not for the fact that it clearly
possesses a weak interridge separating shallowly
concave sections of the pseudointerarea. The
only ephippelasmatid with that characteristic is
Lurgiticoma, known solely from the Kurchilik
Formation of early Middle Ordovician age in the
Sary-Kumy region of West Kazakhstan (Popov
2000a, Table 1). In the absence of the diagnostic
dorsal valve, with its strongly asymmetric and
spinose median septum, it is impossible to
confirm this assignment and thus the identification
remains, for the present, tentative.

that the species was cemented to the substrate
during its adult life. However, even in the largest
specimens (eg. Fig. 9B, C), there is clear evidence
of the persistence of a pedicle foramen which,
according to its size and position within the larval
shell (Fig. 9K, L), initially allowed the juvenile
to tether itself to a settlement surface by a very
thin pedicle. The latter evidently did not grow
further once the shell attached permanently to the
substrate, but neither did it atrophy (so keeping the
foramen open). Neither an external nor internal
pedicle opening has been recognised in specimens
of U. nevadensis from the type locality at Wells,
Nevada or nearby Meiklejohn Peak, possibly due
to poor preservation (although Rowell & Krause
1973, p. 797, do mention a depression between
paired muscle scars inside the ventral valve in the
“anticipated position of internal pedicle opening”).
However, a foramen and corresponding internal
opening is evident in U. nevadensis described
from the Kurchilik Formation of Sary-Kumy in
West Kazakhstan (Popov, in Nazarov & Popov
1980, pl. 24, fig. 1-2). The new species confirms
the perceptive inference of Rowell & Krause
(1973) that juveniles were probably attached
initially by a pedicle prior to developing a
cemented mode of life.

Undiferina Cooper, 1956
Type species. Undiferina rugosa Cooper, 1956
Revised diagnosis. Ventral valve a low cone,
distorted by cementation to substrate, although
minute pedicle foramen may be present; dorsal
valve planar to weakly convex, with pointed
beak; pseudointerarea divided by median groove
extended as a shelf-like, concave median plate
in some species, the latter either unsupported
or supported anteriorly by long median septum,
which may bear a septal rod medially and extends
to or near to the anterior margin of valve.
Remarks. Rowell & Krause (1973), when
describing Undiferina nevadensis, significantly
revised the concept of Undiferina from that
understood by Cooper (1956) when he established
the genus on material which lacked ventral
valves. The specimens from Thompson Creek
are even better preserved than are the type
specimens of U. nevadensis, and clearly display
the presence of a minute pedicle foramen in
addition to an attachment scar on the ventral
valve. Several specimens of dorsal valves from
the Thompson Creek collection also provide
additional information regarding the variability
of internal features in this valve.
There is no doubt, due to the distortion of
the median portion of the ventral valve exterior,

Undiferina nevadensis Rowell & Krause, 1973
(Fig. 9A-T)
1973 Undiferina nevadensis; Rowell & Krause,
p. 797, pl. 1, figs 1-12.
1975 Undiferina nevadensis Rowell & Krause;
Krause & Rowell, p. 42, pl. 5, figs 14, 15.
cf. 1980 Undiferina nevadensis Rowell &
Krause; Popov in Nazarov & Popov, p. 97-98,
pl. 24, figs 1-5.
Material. BR 2819–2831.
Description. Shell small, up to 3.5 mm in width
and 2.5 mm in length, with ventribiconvex profile;
valve outline slightly transversely subrectangular
with wide posterior margin and broadly rounded
lateral and anterior margins. L/W ratio mostly
in the range 0.73-0.84. Ventral valve a low
asymmetrical cap highest posteriorly with steep to
near-vertical lateral and anterior slopes, invariably
with depressed apical region (inferred to be the site
of the larval shell) surrounding minute foramen;
pseudointerarea with broad interridge; ornament
consisting of irregular, widely spaced concentric
rugae on both valves, resulting in thickening of
valve margins where multiple rugae aggregate.
Interior of ventral valve shows pedicle foramen
partly enclosed by apical process extending to
posterior margin. Paired cardinal muscle scars are
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Fig. 10. Nushbiella neozealandica sp. nov.; A, B, exterior and interior of ventral valve, Holotype BR 2832. C,
interior of partial ventral valve, BR 2833. D, E, exterior and oblique lateral profile of ventral valve, BR 2834. F,
ventral valve exterior, BR 2835. G, H, partial ventral valve exterior in oblique posterior view, and enlargement
of beak and posterior section of pedicle foramen, BR 2836. I, exterior of juvenile dorsal valve, BR 2837. J,
exterior of partial dorsal valve, BR 2838. K, exterior of partial dorsal valve, BR 2839. L, exterior of partial
dorsal valve, BR 2840. M, exterior of partial dorsal valve, BR 2841. N, interior of partial dorsal valve, BR
2842. O, interior of dorsal valve, BR 2843. P, Q, exterior and interior of partial gerontic dorsal valve, BR 2844.
Magnification for all, x12, except H, x55. A-C, F, K-Q are digital macrophotographs; remainder are scanning
electron microphotographs.

conspicuous either side of foramen about halfway
to lateral extremities; surface of muscle scars
may display polygonal mosaic in best preserved
specimens (Fig. 9H). Mantle canals of baculate(?)
pattern, moderately deeply impressed in largest
specimens.
Dorsal valve with prominent obtusely angled
beak extending considerably posterior of the
otherwise linear posterior margin; pseudointerarea
confined to wide triangular to diamond-shaped
concave plate situated directly in front of beak,
and occupying median quarter of valve width;
lateral extremities of this plate are thickened
and directed ventrally. Anterior extremity of the

concave plate is generally supported by posterior
end of median septum, although in occasional
specimens (Fig. 9Q, S) the plate is unsupported
and overhangs the septum. Median septum is
lowest in posterior third of its length, before
rising steeply ventrally towards anterior margin;
a single septal rod borne on crest of the septum
is preserved in exceptional cases (Fig. 9Q, R).
Median septum extends to and merges with
anterior margin of valve. Pair of prominent ovoid
cardinal muscle scars situated immediately in
front of lateral margins of pseudointerarea; other
muscle scars rarely preserved except adjacent to
posterior end of median septum. Mantle canals not
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impressed; interior surface of valve smooth.

Nushbiella Popov in Kolobova & Popov, 1986

Remarks. There is considerable similarity evident
between the New Zealand specimens and U.
nevadensis Rowell & Krause, 1973, especially
when comparing dorsal valves (one of which is
the holotype) figured by these authors in their
original description, and a partial dorsal valve
from Meiklejohn Peak (Krause & Rowell 1975,
pl. 5 figs 14-15) with examples from Thompson
Creek. All display a prominent, concave median
plate extending forward of the pseudointerarea
and a long median septum reaching (or closely
approaching) the anterior valve margin. Specimens
from West Kazakhstan referred to U. nevadensis
by Popov (in Nazarov & Popov 1980, pl. 24 figs 4,
5) similarly show a median concave plate dividing
a relatively wide pseudointerarea, but differ from
the Thompson Creek examples in developing a
subperipheral rim in the dorsal valve and by their
considerably more massive cardinal muscle scars.
Undiferina nevadensis from New Zealand can
only be compared with the type species U. rugosa
from the Pratt Ferry Formation of Alabama
(Cooper 1956, pl. 18 B; Holmer & Popov 2000,
Fig. 74.4a-d) on attributes of the dorsal valve,
as no ventral valves of U. rugosa are known.
The pseudointerarea of U. rugosa appears to be
fundamentally different in lacking the prominent
concave median plate directly anterior to the
beak; instead, the type species has a short median
groove flanked by a pair of anterolaterally directed
projections. Furthermore, the median septum in
U. rugosa consistently terminates short of the
anterior valve margin, whereas the septum of
the most complete dorsal valve from Thompson
Creek (and those from Nevada) extends to the
margin. However, the presence of a septal rod
(apparently hollow in some of the Pratt Ferry
specimens) on top of the median septum in U.
rugosa is very reminiscent of one valve from
Thompson Creek (Fig. 9Q, R).
Polygonal mosaic impressions on the cardinal
muscle scars of U. nevadensis from Thompson
Creek resemble features documented on the
interior of several acrotretide brachiopods
(including Eoconulus) by McClean (1988), which
she interpreted as moulds of epithelial cells. One
of the specimens (a dorsal valve) illustrated by
McClean and identified only as “Acrotretide Gen.
et sp. B, nov.”, also bears some resemblance to
U. rugosa.

Type species. Multispinula dubia Popov, 1977

Order SIPHONOTRETIDA Kuhn, 1949
Superfamily SIPHONOTRETOIDEA Kutorga,
1848
Family SIPHONOTRETIDAE Kutorga, 1848

Diagnosis. Shell transversely oval to subcircular,
with conical ventral valve and gently convex,
sulcate dorsal valve; ornamentation of radial
costellae; internal pedicle tube present; dorsal
pseudointerareas absent; visceral areas of both
valves weakly impressed; dorsal interior with two
large muscle scars on either side of thick median
ridge (after Holmer & Popov 2000, p. 145).
Nushbiella neozealandica sp. nov. (Fig. 10AQ)
Diagnosis. Nushbiella with subdued radial
ornament on ventral valve; dorsal valve with
median sulcus barely discernible, and median
ridge in interior very weakly developed.
Etymology. For New Zealand.
Material. BR 2832–2844; Holotype is BR
2832, other figured specimens are designated
paratypes.
Description. Shell ventribiconvex with subconical
ventral valve highest immediately in front of
posterior margin; dorsal valve very weakly
convex laterally to almost planar medially, with
shallow median sulcus occasionally developed
but sometimes lacking. Both valves subcircular
to subquadrate in outline with observed L/W ratio
ranging between 0.78 and 0.92; valve length in
range 1.5-3.0 mm, width in range 1.9-3.3 mm
(although one incomplete specimen, Fig. 10P,
Q, suggests maximum dimensions greater than
5 mm), maximum width at or just posterior to
midlength. Larval shell of both valves smooth,
lacking pitting; ventral larval shell with small
pointed beak, situated well in front of posterior
margin; dorsal umbo slightly overhanging
posterior margin. Exterior of both valves
dominated by moderately low growth lamellae
separated by smooth interspaces; ventral valve
almost devoid of spines except around posterior
periphery; on dorsal valve, margin of each growth
lamella bears fine hollow cylindrical spines
directed radially; spines most prominent and
crowded adjacent to periphery of dorsal valve
where each spine overlaps the more anterior
growth lamella. Radial ornament may be present
on ventral valve but very subdued except for
slightly stronger median rib; radial ornament not
apparent on dorsal valve due to predominance
of spine. Ventral valve with large open teardrop shaped foramen widening anteriorly from
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immediately behind beak and extending to
occupy much of larval shell, but never reaching
posterior margin; interior (Fig. 10B) with short
pedicle tube; muscle scars and vascular markings
not impressed. Dorsal valve interior with vascula
lateralia weakly impressed; median ridge barely
discernible or poorly developed only in larger
specimens, dividing very faint impressions of
anterior adductor muscle scars. Pseudointerareas
on both valves poorly developed as little more
than thickened margins, although on largest dorsal
valve a short medial concave plate is visible (Fig.
10Q).
Remarks. The subdued radial ornament displayed
by the new species of Nushbiella from Thompson
Creek distinguishes it from the type species N.
dubia (Popov, 1977), from the Bestamak Formation
(Dapingian) of the Chingiz Range, Kazakhstan,
and also from N. lillianae Holmer, 1989 from
the Dalby Limestone (topmost Darriwilian to
Katian) of the Siljan district, Sweden, both of
which are characterised by relatively distinct
costae. More similar in ornament is N. parvula
(Popov, in Nazarov & Popov 1980) from the
Kogashinsk and Kopalish stages in central
Kazakhstan (‘Arenig’ to ‘Llanvirn’, probably no
younger than early Darriwilian) which displays a
comparable accentuated median rib on the ventral
valve. However, the median ridge in the dorsal
valve interior of N. parvula is considerably more
strongly developed, with its position reflected
externally by a pronounced median sulcus,
whereas both these features are very subdued
in the Thompson Creek specimens. Closest to
the New Zealand species of all described forms
is Nushbiella? sp. from the upper Uzunbulak
Formation of South Kazakhstan (Nikitina et al.
2006), which also lacks a strong radial ornament.
Although the material assigned to Nushbiella?
sp. by Nikitina et al. is somewhat fragmentary,
it is of comparable age to the Thompson Creek
fauna, and it is conceivable that the two species
are related. The near absence of a strong radial
ornament in N. neozealandica might otherwise
suggest assignment to Cyrbasiotreta Williams &
Curry, 1985, but that genus does not possess an
internal pedicle tube whereas the New Zealand
species clearly does.
Fig. 11. A-E, ?Gogoella sp. indeterminate; A,
pygidium AR 2298, dorsal view. B-C, pygidium
AR 2299 in dorsal and posterior views. D, pygidium
AR 2300, ventral view. E, librigena in dorsal view,
AR 2301. F, AR 2302, odontopleurid free cheek. G,
fragment of cranidium showing sculpture, AR 2303.
Bar scales 0.1 mm. All images are scanning electron
microphotographs.
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Phylum ARTHROPODA (AJW)
Remarks. Comments made here are based on
a small collection of diminutive (presumably
immature) silicified specimens dominated
by material referred to ?Gogoella which is
described below. Several other taxa, not described
here, appear to be represented as follows: one
indeterminate odontopleurid librigena (AR 2302:
Fig. 11F); a cranidial fragment with relatively
coarse nodular sculpture (AR 2303: Fig. 11G);
and a single cranidium with a smooth, bulbous
glabella (AR 2304, not figured).
Class TRILOBITA Walch, 1771
Order PHACOPIDA Salter, 1864
Suborder CHEIRURINA Harrington & Leanza,
1957
Family PLIOMERIDAE Raymond, 1913
Gogoella Legg, 1976
Type species. Gogoella wadei Legg, 1976
? Gogoella sp. indeterminate (Fig. 11 A-E)
Material. Available material (AR 2298–2301)
consists of several isolated, coarsely silicified
tergites, the best material being several pygidia
and free cheeks.
Remarks. Gogoella was originally described by
Legg (1976, p. 20) from the Arenig Emanuel
Formation of the Canning Basin, Western
Australia. Unfortunately, much information about
the New Zealand material is lacking; in particular,
the diagnostic medially indented glabella is not
known. Sculpture is generally poorly preserved
though a single librigena (Fig. 11E, AR 2301))
does seem to have fine nodular sculpture, but this
may be an artefact of the silicification. This cheek
has a long genal spine, quite unlike the specimen
figured by Legg (1976, pl. 6, fig. 16); however,
given that the New Zealand material consists
of small and possibly juvenile individuals, the
significance of this morphological feature is
uncertain.
The pygidium from Thompson Creek (Fig.
11A-D; AR 2298 – 2300) closely resembles the
paratype figured by Legg (1975, pl. 6, fig. 11), in
having 5 pairs of pleurae and a steadily tapering
axis with 4 well defined rings. It shows a wide
(sag.) doublure but the small triangular terminal
piece which, according to Legg (1976, p. 21),
separates the last two pleurae is not clearly visible.
The posterior margin of the pygidium is steeply
inclined.
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